Biomimetic approach
Bergman cycloaromatization
Biosynthesis toward pre-sporolide is catalyzed by several polyketide synthases encoded in spo gene cluster.
1-2. Bergman cycloaromatization
R. G. Bergman, Acc. Chem. Res., 1973 , 6, 25-31 Basak et al., Chem. Rev., 2003 
1-1. Hypothetical biosynthesis of sporolides 2
Hydrogen atom abstraction from DNA leads to double-strand cleavage. So, many compounds possesing the enediyne structure has an antitumor activity.
Smith and Nicolaou, J. Med. Chem., 1996 , 39, 2103 -2117 , Niestroj et al., Eur. J. Org. Chem., 1999 , 1-13 Nicolaou et al., J. Am. Chem. Soc., 1988 , 110, 4866 Sander et al., Angew. Chem. Int. Ed., 2003 Distance between two terminal alkyne moiety is one of the key factors of reactivity. Cyclization of 27 requires 200 o C (t 1/2 = 30 s), while 10-membered enediyne 62 proceeds smoothly even at 37 o C.
Buchwald et al., Science, 1995, 269, 814 For cyclization of the acyclic enediyne, milder temperature can be adopted by bridging two alkyne moiety with transition metals. Alternative mechanisms of cyclization can be excluded due to the reaction rate order.
Electron transfer from halide to p-benzyne can be rejected, because it is endothermic (>170 kJ/mol).
If the protonation occured before the chlorination, deuterium abstraction from DMSO-d 6 would be unreasonable.
A mix of transfers of an electron pair and a single electron. (10) Singlet biradical forms a new weak sigma bond between position 1 and 4, and halide approachs to the sigma antibond, then nucleophilic displacement occurs. (11, 12) Calculated study shows this halide addition step is exothermic, even in water.
Thus, only one chlorine is introduced to either of the two possible positions.
Plausible mechanism
Slopes are clearly the same for all. The most challenging point is the high rigidity of 9-membered enediyne moiety.
1-4. Gademann's synthetic study

35
2-cyclopenten-1-one Strategy 1) 9-membered enediyne ring K. Gademann et al., Synthesis, 2010, 4, Yamashita et al., J. Am. Chem. Soc., 1975, 97, 891 Allenes are known to undergo isomerization to alkynes under strong base condition. So, they continued the synthesis using allene 39. K. C. Nicolaou et al., Angew. Chem. Int. Ed., 2009 , 48, 3449-3453 K. C. Nicolaou et al., J. Am. Chem. Soc., 2010 Regioselectivity seems to be based on the partial polarization.
2-2. Hetero [4+2] cycloaddition
-9 P. G. Jones et al., Eur. J. Org. Chem., 2006, 335-350 all-carbon diene as 4e system heterodiene moiety as 4e system o-quinone derivative Reactivity of each diene-system seems to depend on the structural bulkiness of dienophile.
reacts with all-carbon diene reacts with both (gives mixture) reacts with heterodiene moiety 62% yield 10 toluene reflux
2-3. Regioselective [2+2+2] cycloaddition
Y. Yamamoto et al., Chem. Rev., 2000 , 100, 2901 -2915 Generally, highly regioselective synthesis is achieved in partially / totally intramolecular system.
General mechanism
Holmquist et al., J. Am. Chem. Soc., 1995, 117, 6605-6606 Willkinson's catalyst was used. Steric repulsion causes regioselectivity. meta-substituted benzene can be synthesized through this approach.
For regioselective synthesis of pyridine derivatives, see Mr. Saito's literature seminar. M = Co, Ni, Rh, Ru, Pd and many other kinds of metals are available today.
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K. Itoh et al., Chem. Commun., 2000 , 549-550 K. Itoh et al., J. Am. Chem. Soc., 2003 Catalyst screening in entry 1 (above) Cp*RuCl(cod) gives the greatest meta-selectivity.
The bulky Cp* ligand is important for the high selectivity. o-quinone has two kinds of diene system: all-carbon diene, and hetero diene moiety. All-carbon diene has much higher reactivity for [4+2], but is more sterically hindered.
Indene 16 gives only undesired products. (all-carbon diene is much more reactive.)
But more crowded indene derivative 18 gives desired products in good yield. Steric repulsion of dienophile can reverse the reactivity of diene system ! In case of enone 20, all-carbon diene reacts, despite the steric repulsion.
In all cases, regioselectivity can be explained by assuming polarization. 
Strategy change from esterification to [2+2+2] cycloaddition difficult to construct
To synthesize precursor VII through esterification, VIII and IX is necessary. Though synthesis of VIII was achieved, IX was difficult to construct, presumably due to sensitive & crowded nature.
As an alternative strategy to synthesize precursor VII, metal-catalyzed [2+2+2] cycloaddition was adopted. In case of fully substituted precursor 62, [4+2] cycloaddition didn't occur at all, due to the steric clash between o-quinone moiety and down-directed OBn group at C-9 position.
To overcome this problem, new substrate with the C-9 inverted stereochemistry was essencial. 14: direct Mitsunobu rxn failed. oxidation-reduction was adopted.
Chelation-controled TS carbonyl group is directed to up-side.
Synthesis of building block 4
The configurations of 12/14 were determined by NMR (NOE?) Yadav et al.,T et. Lett.,1988 , 29, 2737 Free hydroxy group of 4 fastens the reaction, because of the possible coordination onto ruthenium nucleus. When propargylic alcohol 4 was acetylated in advance, reaction rate got significantly slower (ca. 10-fold) and regioselectivity decreased (ca. 10:1).
Wilkinson's catalyst Rh(PPh 3 ) 3 Cl can also catalyze this cycloaddition (meta:ortho 20:1, 85% combined yield). For this time, erosion of regioselectivity was also observed (20:1 10:1), when acetyl-protected 4 was used. Partially-intramolecular [2+2+2] cycloaddition of alkynes has now become one of the most powerful way to synthesize highly substituted benzene derivatives under mild conditions.
In both cycloadditions, chemo-& regioselectivity highly depends on the steric effect of the substrates and the catalyst.
